Thalassotalea marina sp. nov., isolated from a marine recirculating aquaculture system, reclassification of Thalassomonas eurytherma as Thalassotalea eurytherma comb. nov. and emended description of the genus Thalassotalea A Gram-stain-negative, facultatively anaerobic bacterium, strain QBLM2 T , was isolated from rearing water of a marine recirculating aquaculture system in Tianjin, China. Its taxonomic position was investigated through a polyphasic approach. Cells of strain QBLM2
The genus Thalassotalea was proposed by Zhang et al. (2014) with the description of Thalassotalea piscium as its type species and reclassification of four species of the genus Thalassomonas, namely T. ganghwensis (Yi et al., 2004) , T. loyana (Thompson et al., 2006) , T. agarivorans (Jean et al., 2006) and T. agariperforans (Park et al., 2011) , as members of the novel genus, and its description was emended by Park et al. (2014) . At the time of writing, the genus Thalassotalea comprises seven recognized species: Thalassotalea agariperforans, Thalassotalea piscium , Thalassotalea ganghwensis, Thalassotalea agarivorans, Thalassotalea loyana, Thalassotalea ponticola and Thalassotalea fusca . In a survey of the bacterial diversity of a recirculating aquaculture system in Tianjin, China, a Thalassotalea-like bacterium, strain QBLM2 T , was obtained. Phylogenetic analyses based on 16S rRNA gene sequences showed that it was closely related to members of the genus Thalassotalea. The taxonomic position of strain QBLM2
T was investigated through a polyphasic approach.
A rearing water sample was collected from the culture pond of a marine recirculating aquaculture system for yellow grouper (Epinephelus awoara) in Tianjin, China. Strain QBLM2 T was isolated by the standard dilution plating technique on marine agar 2216 (MA; Difco) plates at 30 8C. It grew well in marine broth 2216 (MB; Difco), but not in trypticase soy broth (TSB; Bacto) or Luria-Bertani (LB) broth, despite supplementation with 3.0 % (w/v) NaCl. The Gram reaction was performed according to Dong & Cai (2001) . Cell morphology and flagellation were determined by transmission electron microscopy (H600; Hitachi) after negative staining with 1 % (w/v) phosphotungstic acid. The presence of flagellum was confirmed by staining (Dong & Cai, 2001) . Motility was determined by the hanging-drop technique (Bernardet et al., 2002) . Growth at 10, 15, 20, 25, 30, 35, 37, 40 and 45 8C was measured in MB. Growth at pH 6.0-11 (at intervals of 0.5 pH units) was determined at 30 8C using three different buffers (final concentration, 50 mM): sodium phosphate buffer (for pH 6.0-8.0), Tris/HCl buffer (pH 8.0-10.0) and sodium carbonate buffer (pH 10.0-11.0). Tolerance to NaCl was examined in modified MB with final NaCl concentrations of 0-6.0 % (w/v, at intervals of 0.5 %) at 30 8C, as described previously (Zhong et al., 2014) .
The requirement for oxygen was determined in an anaerobic system (Oxoid Anaero-Gen) on MA after incubation for 10 days. Production of H 2 S was tested with lead acetate paper in MB with supplementation of 0.05 % (w/v) L-cysteine (Dong & Cai, 2001) . Catalase and oxidase activities, and hydrolysis of casein, starch (0.2 %, w/v) and Tweens 20, 40, 60 and 80 (1 %, w/v) were investigated on MA according to Dong & Cai (2001) . Hydrolysis of L-tyrosine (0.5 %, w/v) was tested on MA and identified by observing clear zones around colonies. Hydrolysis of agar was investigated as described by Jung et al. (2014) . Hydrolysis of sodium alginate (2 %, w/v), chitin (1 %, w/v) and CMcellulose (1 %, w/v) was determined on MA for 10 days based in identification of clear zones. Utilization of sole carbon source was assessed according to Zhong et al. (2014) , but the concentration of various carbon substrates was modified to 0.2 % (w/v) instead of 0.5 % (w/v). The artificial seawater used in the utilization of carbon source test contained (per litre distilled water): 24.0 g NaCl, 5.1 g MgCl 2 , 4 g Na 2 SO 4 , 1.1 g CaCl 2 , 0.7 g KCl, 0.2 g NaHCO 3 , 0.1 g KBr, 0.027 g H 3 BO 3 , 0.024 g SrCl 2 and 0.003 g NaF. Susceptibility to antibiotics was assessed on MA using filter-paper discs containing the following (mg per disc): ampicillin (10), tetracycline (30), kanamycin (30), gentamicin (10), streptomycin (10), norfloxacin (10), chloramphenicol (30), clindamycin (2), erythromycin (15), sulfamethoxazole (300), vancomycin (30) and clarithromycin (15). The inhibition zones were measured from the edges of susceptibility discs to the edges of the clear zones; inhibition zones of ,2 mm, 2-5 mm and .5 mm represent resistance, weak resistance and susceptibility, respectively (Nokhal & Schlegel, 1983) . Additionally, the API ZYM system (bioMérieux) was used for tests of enzyme activities according to the manufacturer's instructions. Cells were suspended in 0.85 % (w/v) normal saline and strips were read after inoculation for 8 h at 30 8C.
Biomass for chemotaxonomic analyses was cultivated on MA or in MB at 30 8C for 24 h (mid-exponential phase). Genomic DNA was extracted by using a bacterial genomic kit (D3350; Omega Bio-Tek). The DNA base composition was determined by the thermal denaturation method (Marmur & Doty, 1962) , with genomic DNA of Escherichia coli K-12 as a reference. Fatty acids of strain QBLM2
T and the reference strains were analysed using the MIDI Sherlock Microbial Identification System (version 6.0) according to the standard protocol. Cells for polar lipid analysis were incubated under the same conditions as those described by Zhang et al. (2014) . Polar lipids were extracted using a chloroform/methanol system and identified using two-dimensional TLC as described by Kates (1986) . Merck silica gel 60 F 254 aluminium-backed thinlayer plates were used in TLC analysis.
The 16S rRNA genes were amplified with primers 27F and 1492R (Weisburg et al., 1991) , cloned into the pEASY-T1 cloning vector (TransGen Biotech) and sequenced by Sinogenomax with primers M13F (59-CAGGAAACAGCTA-TGAC-39) and M13R (59-GTAAAACGACGGCCAGT-39). The almost full-length 16S rRNA gene sequence (1463 nt) was obtained and aligned with sequences in the GenBank database using the BLAST program (Altschul et al., 1990) at NCBI (http://www.ncbi.nlm.nih.gov) and also on the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) by using identity analysis (Kim et al., 2012) . The 16S rRNA gene sequences of strain QBLM2
T and related taxa were aligned with CLUSTAL X version 2.0 (Larkin et al., 2007) . Neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) trees were reconstructed using the program MEGA version 5 (Tamura et al., 2011) . Evolutionary distances were calculated by Kimura's two-parameter model (Kimura, 1983) for the neighbour-joining method and the gaps/missing data treatment option chosen was pairwise-deletion.
Cells of strain QBLM2
T were Gram-stain-negative, nonspore-forming rods, motile by means of a single polar flagellum, and were 0.3-0.5 mm in diameter and 0.9-1.5 mm in length (Fig. S1 , available in the online Supplementary Material). Anaerobic growth was observed for strain QBLM2
T . Growth was observed at 15-40 8C (optimum, 30 8C), at pH 6.5-10.5 (optimum, pH 7.5-8.5) and in the presence of 0-5.0 % (w/v) NaCl (optimum, 3 %). Positive for oxidase and catalase activity. H 2 S was produced. It was susceptible to gentamicin, streptomycin, chloramphenicol, vancomycin, clarithromycin, erythromycin and sulfamethoxazole, but resistant to norfloxacin, ampicillin, clindamycin, tetracycline and kanamycin. Additional characteristics of strain QBLM2
T are given in Table 1 as well as in the species description. All the results obtained in this study for the reference type strains were consistent with those originally described (Yi et al., 2004; Thompson et al., 2006; Park et al., 2011; Jung et al., 2014; Zhang et al., 2014) .
The DNA G+C content of strain QBLM2 T was 37.1 mol% (Table 1) , which was in the range (37.0-45.1 mol%) reported for the type strains of species of the genus Thalassotalea . In addition, the low DNA G+C content of Thalassomonas eurytherma, 42.7 mol% (Sun et al., 2014) , was closer to those of the genus Thalassotalea than to those of the genus Thalassomonas (47-50 mol%). The fatty acid profiles of strain QBLM2
T and related type strains are given in Table 2 . The cellular fatty acid profiles obtained in this study for the reference type strains were similar to those previously reported (Yi et al., 2004; Thompson et al., 2006; Park et al., 2011; Jung et al., 2014; Zhang et al., 2014) in terms of major components, despite differences in the proportions due to the different cultivation conditions. The major fatty acids (.10 % of the total) of strain QBLM2
T were C 17 : 1 v8c (20.6 %) and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c, 13.3 %) ( Table 2) . Strain QBLM2
T could be differentiated from the reference strains in fatty acid compositions as detailed in Table 2 , such as from T. fusca KCTC 32499 T in the much lower amount of C 16 : 0 and C 16 : 1 v9c, as well as T.
-T. Hou and others
in the presence or absence of some minor fatty acids; and from T. ganghwensis DSM 15355 T in the much lower amount of iso-C 16 : 0 , much larger amount of C 17 : 1 v8c, and the presence or absence of some minor fatty acids. The predominant isoprenoid quinone determined in strain QBLM2
T was ubiquinone-8 (Q-8), consistent with that of the genus Thalassotalea. The major polar lipids, detected with two staining methods, were phosphatidylethanolamine and phosphatidylglycerol (Fig. S2) , compatible with those of T. ponticola GJSW-36 T , T. piscium T202 T , T. agariperforans M-M1 T and T. fusca G-MB1 T .
The neighbour-joining tree (Fig. 1) based on 16S rRNA gene sequences indicated that strain QBLM2
T formed a distinct lineage within the genus Thalassotalea and grouped together with T. fusca G-MB1 T and T. ganghwensis JC2041 T , suggesting that strain QBLM2 T is a member of the genus Thalassotalea. It exhibited 16S rRNA gene sequence similarities of 96.3, 95.6, 95.3, 95.1, 95.8, 94 .9 and 94.5 % to the type strains of T. fusca, T. ganghwensis, T. piscium, T. agariperforans, T. loyana, T. agarivorans and Thalassomonas eurytherma, respectively. In addition, Thalassomonas eurytherma Za6a-12 T clustered with members of the genus Thalassotalea rather than with those of the genus Thalassomonas (Fig. 1) . Chemotaxonomic and phylogenetic analyses indicate that strain Za6a-12 T should be reclassified as a member of the genus Thalassotalea.
QBLM2
T shared several traits with related strains including Gram-stain-negativity, oxidase and catalase activity, predominant ubiquinone, major fatty acids and polar lipids, low DNA G+C content and phylogenetic characteristics. By contrast, QBLM2
T differed from related strains based on growth conditions, requirement for sea salt, hydrolysis of macromolecules, utilization of some sole carbon and energy resources, and activities of enzymes (Table 1) . Based on the above data, it was concluded that strain QBLM2
T represents a novel species of the genus Thalassotalea, for which the name Thalassotalea marina sp. nov. is proposed. The description of the genus Thalassotalea is emended here, and Thalassomonas eurytherma Za6a-12 T is reclassified as a member of the genus Thalassotalea, Thalassotalea eurytherma comb. nov. The description is as given by Zhang et al. (2014) and emended by Park et al. (2014) with the following further amendments. Aerobic or facultatively anaerobic. Some species also contain C 17 : 1 v8c as one of the major fatty acids.
Description of Thalassotalea marina sp. nov.
Thalassotalea marina (ma.ri9na. L. fem. adj. marina of or belonging to the sea).
Cells are Gram-stain-negative, non-spore-forming rods, motile by means of a single polar flagellum and 0.3-0.5 mm in diameter and 0.9-1.5 mm in length. Colonies on MA are yellowish, circular, slightly convex, smooth, glistening, translucent, viscid and 0.5-1.0 mm in diameter after incubation for 5 days at 30 uC. Anaerobic growth is observed. Growth occurs at 15-40 uC (optimum 30 uC), at pH 6.5-10.5 (optimum pH 7.5-8.5) and in the presence of 0-5.0 % (w/v) NaCl (optimum 3 % In the API ZYM system, positive for alkaline phosphatase, leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, esterase (C4), valine arylamidase, cystine arylamidase, a-chymotrypsin and N-acetyl-b-glucosaminidase activity; negative for esterase lipase (C8), lipase (C14), trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase. The dominant fatty acids are C 17 : 1 v8c and summed feature 3 (C 16 : 1 v7c and/ or C 16 : 1 v6c). The predominant ubiquinone is Q-8. The major polar lipids are phosphatidylglycerol and phosphatidylethanolamine.
The type strain, QBLM2 T (5 CGMCC 1.12814 T 5 KCTC 42731 T ), was isolated from rearing water of a marine recirculating aquaculture system for yellow grouper (Epinephelus awoara) in Tianjin, China. The DNA G+C content of the type strain is 37.1 % (mol%).
Description of Thalassotalea eurytherma comb. nov. The description is the same as that given by Sun et al. (2014) . The type strain is Za6a-12 T (5CGMCC 1.12115 T 5JCM 18482 T ).
